Abstract: This pilot study aimed to evaluate the influence of smoking on clinical and microbiological parameters after nonsurgical periodontal therapy. Forty-eight subjects were grouped into smokers (SM, n = 24) and nonsmokers (NS, n = 24) and paired according to gender, age, ethnicity, and periodontal status. Both groups received oral hygiene education and scaling and root planing. Clinical evaluation was performed using plaque index (PI), bleeding on probing (BOP), pocket probing depth (PPD), gingival recession (GR), and clinical attachment level (CAL) before instrumentation (baseline) and at 3 and 6 months. The prevalence of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Candida albicans, Candida glabrata, Candida tropicalis, and Candida dubliniensis in subgingival biofilm was determined by polymerase chain reaction. The data were statistically analyzed considering p < 0.05. Clinical conditions improved between baseline and 3 months after periodontal treatment. However, NS had a better clinical response, presenting greater PPD reduction and CAL increase in comparison to SM. Periodontal treatment reduced the levels of P. gingivalis, A. actinomycetemcomitans, and T. forsythia individually after 3 months for the NS group and after 6 months for both groups. The prevalence of Candida species was markedly higher in SM than in NS at all time points evaluated. Periodontopathogens associated or not with C. albicans or C. dubliniensis were more prevalent in SM than in NS at baseline and after 3 months. It was concluded that smoking impairs clinical and microbiological responses to periodontal therapy. Periodontopathogens combined or not with some Candida species are resistant to short-term periodontal therapy in SM.
Introduction
Several countries have been investing in numerous initiatives and in government policies to control tobacco consumption; however, cigarette smoking still remains prevalent in the world, with more than 1 billion smokers, and more than 8 million deaths from one or more diseases related to tobacco use will have occurred every year by 2030.
1
In addition to systemic damages, such as increased risk for the development of chronic obstructive pulmonary disease, cardiovascular complications, Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
and diverse forms of malignant tumors, especially lung cancer, tobacco smoking has been considered the most important risk factor for periodontitis among all lifestyle factors. 1, 2 Several studies all around the world have pointed out a strong association between tobacco use/smoking habit and periodontal disease, evidenced by greater clinical attachment loss, gingival recession, and tooth loss, 3, 4, 5 as well as by reduced bone height and density. 6, 7, 8 The harmful effects of smoking on periodontal tissues are caused by cytotoxic and vasoactive substances present in tobacco, including nicotine, carbon monoxide, and reactive oxygen species. These substances cause oxidative stress and alter immunoinflammatory responses, reducing the functional activity of leukocytes, macrophages, lymphocytes, and other immune cells, and impairing wound healing and microbial identification.
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There is no consensus about the relationship between smoking habit and increased risk of subgingival infection with periodontal pathogens. Some authors have reported a high number of pathogens belonging to the red and orange complexes at periodontal sites in smokers 10, 11, 12 while others have not found any differences between smokers and nonsmokers. 13, 14, 15 The presence of cigarette components could alter the oral environment and trigger the colonization of periodontal sites by uncommon pathogens, as shown by Kamma et al., 16 who compared the microbial profile of smokers and nonsmokers in a group of patients with early-onset periodontitis and found significant levels of E. coli, C. albicans, S. aureus, and other exogenous pathogens in smokers' microbiota.
Although the most usual periodontal treatment consists of nonsurgical therapy with scaling and root planing, which is widely known for improving clinical and microbiological parameters, previous studies have demonstrated worse clinical response in smokers when compared to nonsmokers, suggesting that tobacco use could impair the response to therapeutic intervention. 17, 18, 19 Few studies have evaluated longitudinal clinical and microbiological status of smokers undergoing periodontal maintenance therapy, yielding controversial results, with no difference in disease progression 20 or higher prevalence of tooth loss among smokers 21, 22 than among nonsmokers. This pilot study aimed to evaluate the influence of smoking on clinical and microbiological parameters after nonsurgical periodontal therapy. The null hypothesis was that short-term periodontal therapy would not improve clinical and microbiological parameters in smokers in comparison with nonsmokers.
Methodology Study population
Forty-eight patients (24 smokers -SM and 24 nonsmokers -NS), aged 27 to 70 years, were selected to participate in this study. All subjects were recruited from the Department of Periodontology, School of Dentistry, Universidade Federal Fluminense -UFF, Nova Friburgo, Rio de Janeiro State, Brazil, for a period of over 6 months between 2010 and 2013. The study protocol (CAAE -0070.0.258.000-10) was approved by the Ethics Committee of the School of Medicine, Universidade Federal Fluminense -UFF, and registered at the US National Institutes of Health Clinical Trials (Register number: NCT02581319 at http://www. clinicaltrials.gov). Prior to participation, the study purpose and procedures were fully explained to all patients, who eventually signed a written informed consent form pursuant to the Declaration of Helsinki. The initial sample size of 25 patients per group was chosen based on standard deviations from a previous study, 23 an effect size (gingival index [GI], a minimum detectable change of 10%), a power of 80%, a significance level of 5%, and a loss to follow-up rate of up to 20%.
Medical and dental histories were taken and patients were clinically evaluated during prescreening visits. The inclusion criteria were: presence of periodontal disease in at least two teeth in different arches, bleeding on probing on these sites where probing depth was ≥ 5 mm; and radiographic evidence of bone loss ranging from 30 to 50%. 24 Subjects were considered smokers if they had been smoking 10 or more cigarettes a day for at least 2 years. Smoking habit was confirmed in each visit and individuals who had stopped smoking were excluded. Former smokers were not included in the control group.
The exclusion criteria were: patients with systemic diseases; diabetes; osteoporosis; pregnant lactating females; use of immunosuppressants, phenytoin, cyclosporine, calcium channel blockers, or any use of antibiotics or nonsteroidal anti-inflammatory drugs in the past 3 months; and any medical conditions requiring immunotherapy or patients diagnosed as HIV+ or with AIDS, which could interfere with periodontal status. 24 Clinical examination and periodontal therapy 24 Prior to clinical examination, a questionnaire was applied to obtain information about patients' smoking habits (pack years and daily cigarette consumption) at baseline and at 3 and 6 months. An experienced periodontist (GACGC) assessed the clinical periodontal parameters, including plaque index (PI), bleeding on probing (BOP), pocket probing depth (PPD), gingival recession (GR), and clinical attachment level (CAL) using a PCP15 periodontal probe (PCP-UNC15, Hu-Friedy, Chicago, USA), at six sites per tooth and on all teeth, except third molars. 24 The intra-rater reliability for the categorical variables (PI, BOP) at tooth level was calculated by the kappa statistic, which was equal to 0.75. The reproducibility of continuous variables (PD, GR, and CAL) was 0.70 as indicated by the intraclass correlation coefficient (ICC).
At baseline, quadrant scaling and root planing (Q-SRP) was performed weekly under local anesthesia using periodontal curettes (American Eagle, GraceyAcess Curettes, Missoula, USA) and ultrasonic scalers (Cavitron, Dentisply, New York, USA). The maintenance therapy included professional plaque control and monthly Q-SRP in recurrent periodontal pockets throughout the study period (6 months). No teeth needed to be extracted during therapy. A different clinician (MGLA) conducted the periodontal treatment. The examiner (GACGC) had no access to previous recordings. All subjects received oral hygiene instructions for home care procedures (toothbrushing technique, interdental cleaning, and use of tongue scrapers).
Microbiological sampling
After clinical measurements, supragingival biofilm was removed with sterile gauze. Subgingival samples were collected from each subject at the sites with PPD ≥ 5 mm using a sterile periodontal curette. Pooled biofilms from each site were placed in microtubes containing Tris-EDTA buffer (10 mM Tris-Hcl, 0.1 mM EDTA, pH 7.5) and stored at -20°C to be microbiologically analyzed by polymerase chain reaction (PCR).
Microbiological evaluation -polymerase chain reaction (PCR)
The DNA was extracted using a protocol originally described by Sardi et al. 24 and quantified in a spectrophotometer at 260 nm (Genesys 10UV, Rochester, USA) in order to obtain a standard concentration of 100 ng/mL and stored at -20°C for subsequent PCR reactions. Briefly, the samples were submitted to a lysis solution (extraction buffer and proteinase K) and then purified using chloroform:isoamyl-alcohol followed by DNA precipitation with isopropanol and 70% ethanol. The DNA was resuspended in TE buffer (10 mM Tris-HCl, 0.1 mM EDTA, pH 7.5, with 10 μg/mL RNAse). Molecular microbial identification was carried out by PCR with specific primers for Aggregatibacter actinomycetemcomitans, 25 Porphyromonas gingivalis, 26 Tannerella forsythia, 27 Candida albicans, 24 Candida glabrata, 24 Candida tropicalis, 24 and Candida dubliniensis.
28
PCR amplification was performed with a thermocycler AmpliTherm TX96 Gradient (Axygen, NY, USA) under thermal conditions specific for each pair of primers. The PCR products were separated by 2% agarose gel electrophoresis and Tris-borate-EDTA running buffer (pH 8.0). The molecular mass ladder (100 bp DNA ladder, Gibco, Grand Island, USA) was included for running in agarose gel electrophoresis. The DNA was stained with 0.1 µl of SYBR Safe/mL (Invitrogen, USA) and visualized under UV light (Pharmacia LKB-MacroVue, San Gabriel, USA). Photographs were taken (Image Mater -LISCAP, VDS, Pharmacia Biotech Piscataway, USA) and analyzed.
Statistical analysis
The statistical analysis was performed using SPSS Statistics, version 17.1 (IBM Inc., Chicago, USA). Patient characteristics (age, gender, and race) and clinical parameters (PI, BOP, PPD, GR, and CAL) were compared between smokers (SM) and nonsmokers (NS) at baseline using Student's t test (age) and chi-square test (gender/race) and the Mann Whitney test, respectively. The percentages of sites with A. actinomycetemcomitans, P. gingivalis, T. forsythia, C. albicans, C. glabrata, C. tropicalis, and C. dubliniensis were compared between the SM and NS groups by applying the chi-square test. In relation to periodontal treatment, subjects from both groups (SM and NS) were compared at baseline and at 3 and 6 months using Wilcoxon's test for clinical evaluation and the Mann-Whitney test for microbiological analysis. The differences were statistically significant when p < 0.05.
Results

Clinical results
There was no statistical difference between SM and NS when age (means/SD SM = 44.66 ± 10.22; NS = 53.08 ± 10.26, p = 0.846), gender (SM = 50% female/male; NS = 54.3% female and 45.7% male), and race (SM = 100% and NS = 83.3% white people) were considered. Means ± SD of cigarette consumption were 19.83 ± 10.1 cigarettes per day and length (means/SD) of smoking habit was 24 ± 11.73 years. Twenty percent of SM had quit smoking and were excluded from the study. By comparing SM and NS at baseline, both groups had a similar periodontal status (Table 1) . Clinical conditions improved (decrease in PI and BOP indexes and in PPD and CAL measurements) in both groups, when baseline and 3 months after periodontal treatment were compared. Significant reductions were noted for PI, PPD, and CAL for NS and for PI, BOP, PPD, and CAL for SM, when the results for baseline and 6 months were compared. There was no statistical difference between the groups in periodontal parameters when 3 and 6 months were compared, except for BOP in SM patients. Medians of PI, BOP, and PPD were lower at 3 months in NS compared to SM. The same was observed for PI and GR at 6 months, indicating that NS had a better response to periodontal treatment than SM (Table 1) . PPD reduction and CAL increase in SM and NS at the three time points of periodontal treatment are shown in Table 2 . Statistical differences between the groups were observed for both criteria (PPD and CAL) when comparing baseline and 3 months of treatment.
Microbiological results
Overall, periodontal treatment reduced the frequency of periodontopathogens (P. gingivalis, A. actinomycetemcomitans, and T. forsythia) only in the NS group and in both groups after 3 and 6 months, respectively. The prevalence of C. albicans and C. dubliniensis among SM did not change after periodontal treatment at any time points. At 3 months, the frequency of C. albicans significantly increased and the frequency of C. dubliniensis decreased in comparison with baseline. C. glabrata was not detected in NS patients and its prevalence decreased in SM patients during the study period. The frequency of Candida tropicalis decreased in NS but did not change in SM individuals. When comparing SM and NS, the percentages of A. actinomycetemcomitans and C. albicans were lower in NS than in SM at baseline. There was no statistical difference in the frequency of microorganisms between the groups by comparing, 3 and 6 months of treatment, except for A. actinomycetemcomitans. The prevalence of three or more Candida species was markedly higher in SM than in NS (Figure 1 ). The combinations of bacteria and C. albicans or bacteria and C. dubliniensis are shown in Figures 2A and 2B , respectively. After 6 months of treatment, no combinations of bacteria (P. gingivalis, A. actinomycetemcomitans, and/or T. forsythia) and C. albicans or C. dubliniensis were found. The combination of bacteria and C. albicans was evidenced at baseline and at 3 months after treatment for SM and only at baseline for NS. Statistical difference was observed between NS and SM at baseline and after 3 months of treatment (Figure 2A 
Discussion
The present study demonstrated that conventional periodontal treatment was clinically effective for SM and NS. However, NS had a better response to periodontal treatment, with a greater PPD reduction and CAL increase than SM after 3 and 6 months of 18, 19 and confirm that smoking adversely influences the clinical response of patients after periodontal treatment. Scaling and root planing is the most usual periodontal therapy, leading to improvements in clinical parameters and to the reestablishment of the microbiota. 29 Although repeated treatment of recurrent/refractory pockets in the supportive phase may produce additional reductions in PPD and in BOP and increases in clinical attachment level, the response to periodontal treatment is slower in SM than in NS.
T he negat ive ef fects of smok i ng on t he immunoinflammatory and healing systems may explain the worse response of SM to periodontal treatment. It is suspected that smoking impairs innate defenses against pathogens, alters antigen presentation, and negatively modulates the adaptive immune response. 30 Cigarette smoking down-regulates the surface expression of selectin in neutrophils, altering their cellular functions and, consequently, the structural integrity of the binding site. 31 Smokers also exhibited significantly lower amounts of proinflammatory cytokines (IL-1α, IL-10, IL-12) and chemokines (IL-8, monocyte chemoattractant protein-1, macrophage inflammatory protein-1) than NS. 32, 33 Studies have demonstrated that heavy exposure to cigarette smoking suppresses osteoprotegerin production and leads to an increased ratio of RANKL to osteoprotegerin in gingival fluid, 33 which explains the smaller PPD reduction and CAL increase in SM in comparison to NS.
The suppression of some essential mediators of microbial elimination associated with the increase of other mediators involved in tissue breakdown could favor the proliferation of pathogenic microorganisms at the subgingival level, enhancing susceptibility to the development of periodontitis.
2 It remains unclear whether there are differences in the subgingival biofilm composition between SM and NS. Some studies have shown no differences in the prevalence of periodontal pathogens 13, 14, 15 while other studies have demonstrated higher levels of periodontal pathogens belonging to the red and orange complexes 10, 11, 12 in SM compared to NS. The present study assessed the prevalence of A. actinomycetemcomitans, P. gingivalis, and T. forsythia at baseline and at 3 and 6 months of treatment and found that only A. actinomycetemcomitans was statistically higher at baseline in SM compared to NS. This finding is in line with the results of Guglielmetti et al., 34 who observed an association between smoking status and the presence of A. actinomycetemcomitans. Both groups presented favorable changes in the subgingival microbiota after treatment; however, a significant reduction in the percentage of bacterial pathogens was observed only after 6 months for SM and after 3 and 6 months for NS.
Other studies have also found smaller reductions in the subgingival levels of periodontopathogens among NS after short-term conventional treatment (scaling and root planing). 13, 35 In the current study, the reduction in the levels of periodontopathogens (A. actinomycetemcomitans, P. gingivalis, and T. forsythia) in both groups (SM and NS) was 100% after 6 months of therapy. A significant reduction of T. forsythia and A. actinomycetemcomitans levels in both SM and NS, absence of P. gingivalis among NS, and very low detection of P. gingivalis among SM (less than 10%) were observed after 6 months of periodontal treatment in a study conducted by Aptzidou et al. 14 The same magnitude of microbiological response was observed for P. gingivalis and T. forsythia 6 months after periodontal treatment in SM and NS by Renvert et al. 35 However, these authors observed that A. actinomycetemcomitans increased in SM, demonstrating that this pathogen is more difficult to be eradicated among tobacco users.
The habit of cigarette smoking is clearly recognized as a predisposing factor for oral yeast carriage, possibly because it induces increased epithelial keratinization and enhancement of hydrophobicity, favoring yeast proliferation and colonization of oral tissues. 36 Higher rates of Candida albicans have been found in the subgingival microbiota of patients with chronic periodontitis than in healthy individuals 37, 38 and the prevalence of this species is higher among SM, as pointed by Kamma et al., 16 than among NS.
Interestingly, C. albicans isolated from the subgingival plaque of patients with periodontitis adhered more to epithelial cells than did those isolated from healthy patients. 39 After Candida adhesion and biofilm formation, the secretion of histolytic enzymes, such as collagenases and proteases, can degrade extracellular matrix proteins. 24 Moreover, C. albicans may exacerbate periodontitis by enhancing the invasion of host cells by anaerobic bacteria such as P. gingivalis. 40 Although it is not yet possible to precisely determine the role of Candida species in the development or progression of periodontal disease, these virulence traits may explain the increased persistence of this pathogen in the subgingival microbiota in SM.
Conclusion
Smoking impairs clinical and microbiological responses to periodontal therapy. Periodontopathogens combined or not with some Candida species are resistant to short-term periodontal therapy in SM.
